In terms of reproductive and social functions, vasoactive intestinal polypeptide (VIP) is best known as a major regulator of prolactin secretion in vertebrates and hence, as an essential contributor to parental care. However, VIP and its cognate VPAC receptors are distributed throughout the social behavior network in the brain, suggesting that VIP circuits may play important roles in a variety of behaviors. With the exception of VIP neuronal populations in the suprachiasmatic nucleus and tuberal hypothalamus (which regulate circadian rhythms and prolactin secretion, respectively), we have known very little about the functional properties of VIP circuits until recently. The present review highlights new roles for VIP signaling in avian social behaviors such as affiliation, gregariousness, pair bonding and aggression, and discusses recent advances in VIP's role as a regulator of biological rhythms, including the potential timing of ovulation, photoperiodic response and seasonal migration.
Introduction
Vasoactive intestinal polypeptide (VIP) is a neuropeptide that is produced and released by numerous hypothalamic and extrahypothalamic cell groups and is perhaps best known as a major releasing factor of prolactin (PRL) from the pituitary in both birds [1] and mammals [2] . Because PRL regulates many reproductive and parental behaviors, such as egg incubation in bantam hens and turkeys [3, 4] , parental regurgitation and feeding in ring doves [5] , lactation in mammals [6] and chick-rearing in native Thai hens [7] , VIP has been assumed to play an important role in reproductive behaviors. Indeed, VIP-immunization blocks VIP-induced increases in plasma PRL levels, reducing nesting activity in turkeys [3] and increasing nest desertion in incubating bantam hens [4] . This immunization can be either passive, through injections of antichicken VIP serum [4] , or active, whereby synthetic chicken VIP is conjugated to keyhole limpet hemocyanin (KLH) for injections [8] . In the latter case, KLH serves as a carrier protein for VIP that enables a robust immune response in the form of antibody production. Furthermore, changes in VIP within the portal blood, as well as VIP expression and immunoreactivity in hypothalamic regions, such as the infundibular nucleus (INF) and median eminence, closely mirror changes in plasma PRL levels across the reproductive cycle and different stages of parental care [7, [9] [10] [11] . Interestingly, VIP's stimulation of PRL release from the pituitary in turkeys appears to be regulated via dopamine (DA) and its receptors [12, 13] , and changes in hypothalamic VIP are associated with changes in tyrosine hydroxylase-immunolabeling during incubation and nest deprivation in native Thai hens [14] , suggesting that DA may modulate the VIP/PRL signaling cascade in certain avian species.
VIP's other well-known role is as a regulator of circadian rhythms in mammals [15, 16 ], mediated by GABAergic cells that contain VIP within the ventral core of the suprachiasmatic nucleus (SCN), the brain's main pacemaker nucleus. These core cells are retinorecipient cells that sense and respond to light [17] and mediate the phase shifting of activity rhythms [18, 19] . VIP's effects can be mediated by VPAC receptors (VPAC 1 and VPAC 2 ), which bind both VIP and pituitary adenylate cyclase activating peptide (PCAP) [20] . However, PCAP also acts through the PACAP receptor, PAC 1 , and binds to this receptor with high affinity, as compared to VIP, which binds PAC 1 with low affinity [20, 21] . In animals lacking VIP or VPAC 2 (one of the VIP receptors), circadian rhythms of rest/activity are disrupted and the circadian system shows deficits in response to photic stimuli [22] [23] [24] . In tissue slices lacking the VPAC 2 receptor gene, both molecular timekeeping within individual SCN cells and spontaneous synchronization between SCN cells, is lost [25] . Thus, VIP signaling plays very important roles in the generation, maintenance and synchronization of circadian rhythms (for reviews see [15, 16 ] ) and is likely at the top of a hierarchy of paracrine signals that control SCN molecular pacemaking [26 ] . 
